Phosphatidylinositol-3,4,5-trisphosphate (PIP3) has been proposed to modulate the odorant sensitivity of olfactory sensory neurons by inhibiting activation of cyclic nucleotide-gated (CNG) channels in the cilia. When applied to the intracellular face of excised patches, PIP3 has been shown to inhibit activation of heteromeric olfactory CNG channels, composed of CNGA2, CNGA4, and CNGB1b subunits, and homomeric CNGA2 channels. In contrast, we discovered that channels formed by CNGA3 subunits from cone photoreceptors were unaffected by PIP3. Using chimeric channels and a deletion mutant, we determined that residues 61-90 within the N terminus of CNGA2 are necessary for PIP3 regulation, and a biochemical ''pulldown'' assay suggests that PIP3 directly binds this region. The N terminus of CNGA2 contains a previously identified calcium-calmodulin (Ca 2؉ ͞CaM)-binding domain (residues 68 -81) that mediates Ca 2؉ ͞CaM inhibition of homomeric CNGA2 channels but is functionally silent in heteromeric channels. We discovered, however, that this region is required for PIP3 regulation of both homomeric and heteromeric channels. Furthermore, PIP3 occluded the action of Ca 2؉ ͞CaM on both homomeric and heteromeric channels, in part by blocking Ca 2؉ ͞CaM binding. Our results establish the importance of the CNGA2 N terminus for PIP3 inhibition of olfactory CNG channels and suggest that PIP3 inhibits channel activation by disrupting an autoexcitatory interaction between the N and C termini of adjacent subunits. By dramatically suppressing channel currents, PIP3 may generate a shift in odorant sensitivity that does not require prior channel activity.
O dorant binding to specialized receptors in the cilia of olfactory sensory neurons triggers an increase in intracellular cAMP (1) (2) (3) (4) , which directly opens cyclic nucleotide-gated (CNG) channels (5) . Calcium influx through CNG channels activates an atypical chloride current (6) (7) (8) , leading to depolarization of the cell membrane. The elevated calcium also causes rapid adaptation to odorants by triggering a calcium-calmodulin (Ca 2ϩ ͞CaM)-dependent decrease in the sensitivity of CNG channels to cAMP (9) . Recent evidence suggests that phosphatidylinositol-3,4,5-trisphosphate (PIP 3 ) also decreases the sensitivity of olfactory CNG channels and reduces the response of olfactory sensory neurons to complex odors, but the mechanism has yet to be elucidated (10, 11) .
Ca 2ϩ ͞CaM inhibits homomeric CNGA2 channel activation by binding to a Baa-like motif in the N terminus (12) (13) (14) , thereby disrupting an autostimulatory interaction with the C terminus of an adjacent subunit (15) (16) (17) . Deletion of the Ca 2ϩ ͞CaM-binding domain (amino acids 68-81) in CNGA2 produces channels that are resistant to inhibition by Ca 2ϩ ͞CaM and exhibit dramatically reduced sensitivity to cyclic nucleotides due to the loss of the autostimulatory interaction. Native olfactory CNG channels are tetrameric assemblies of three different pore-forming subunits, CNGA2, CNGA4, and CNGB1b, in a 2:1:1 stoichiometry (18) (19) (20) . Surprisingly, the N-terminal Ca 2ϩ ͞CaM-binding site on CNGA2 is functionally silent in heteromeric channels; instead, Ca 2ϩ ͞CaM exerts its inhibitory effect by binding to IQ-like motifs in the CNGA4 and CNGB1b subunits (21) .
More recently, several lipids have been shown to regulate the activity of CNG channels. Activation of rod channels is reduced dramatically by application of diacylglycerol derivatives (22, 23) , all-trans-retinal (24) , and phosphatidylinositol-4,5-bisphosphate (PIP 2 ) (25) , and activation of olfactory CNG channels is inhibited by cholesterol depletion (26) . Zhainazarov et al. (11) reported that PIP 3 inhibits heterologously expressed CNGA2 homomeric channels or CNGA2͞CNGA4 heteromeric channels to nearly the same extent as native channels in olfactory sensory neuron membranes. Interestingly, inhibition by PIP 3 in many respects resembles that of Ca 2ϩ ͞CaM: in both cases, the apparent affinity of the channel for cAMP is reduced by at least 10-fold with no change in the single-channel conductance. Whereas the mechanism of Ca 2ϩ ͞CaM inhibition has been well characterized, the molecular mechanisms underlying PIP 3 inhibition remain unknown. Furthermore, it is unclear how these two regulatory processes interact to modulate the odorant response.
Results

CNGA3 Channels Are Insensitive to PIP3.
To investigate the effects of PIP 3 on CNG channel function, we expressed cloned channel subunits in HEK293 cells and exposed inside-out patches to varying concentrations of cyclic nucleotides. As shown in Fig. 1 A and D, exposure of patches containing homomeric CNGA2 channels to 10 M dipalmitoyl-PIP 3 produced, on average, a 17-and 13-fold shift in the apparent affinity for cGMP (n ϭ 8) and cAMP (n ϭ 12), respectively. In addition, dipalmitoyl-PIP 3 (hereafter referred to as PIP 3 ) decreased the efficacy of saturating cAMP by Ϸ70%, an effect typically ascribed to stabilization of closed-channel states. The decrease in cyclic nucleotide sensitivity generally occurred within 20 seconds of exposure to 10 M PIP 3 ; similar results were observed with concentrations of PIP 3 as low as 1 M, but the time course was generally slower (Fig. 1C) . We were unable to reverse the effect of PIP 3 , even with wash times of Ͼ60 min, which we attribute to the high affinity of PIP 3 for the hydrophobic membrane environment. Application of 50 M dioctanoyl-PIP 3 (a more water soluble analog with shorter acyl substituents) caused only a mild decrease in the apparent cAMP affinity (Ͻ2-fold), whereas 10 M dioctanoyl-PIP 3 and 10 M IP 4 had no effect (data not shown). In approximately half of the patches, PIP 3 reduced the saturating cGMP current by 20-30%. This effect developed gradually with prolonged exposure to PIP 3 , suggesting that high concentrations of patch-resident PIP 3 were required. We found no correlation between the size of the apparent affinity shift and the decrease in the maximum cGMP-activated current.
In contrast, application of 10 M PIP 3 had no effect on channels formed by CNGA3, the ␣ subunit from cone photoreceptors ( Fig. 1 B and E) . Neither the apparent affinity for cGMP nor the maximum current elicited by saturating cGMP concentrations was altered significantly by even prolonged exposure to 10 M PIP 3 (up to 4 min). Similarly, the apparent affinity and efficacy of cAMP, a weak partial agonist for CNGA3, also were unaffected.
Molecular Determinants of PIP3 Regulation. To identify channel regions involved in PIP 3 regulation, we constructed chimeric channels by exchanging different regions of CNGA2 and CNGA3. These two subunits are Ϸ60% identical and 75% homologous, with most of their differences lying in the cytoplasmic N and C termini. Exchanging the pore domain and C terminus did not eliminate the PIP 3 sensitivity of the parent channel; CNGA2 containing the CNGA3 pore and cyclic nucleotide-binding (CNB) domain (chimera 2233) still was inhibited by PIP 3 (by Ϸ5-fold), and CNGA3 channels containing the CNGA2 pore and CNB domain (chimera 3322) were unaffected by PIP 3 (Fig. 2A) . We then assessed the PIP 3 sensitivity of chimeric channels containing only the cytoplasmic N terminus of CNGA2, and we found that transplantation of this region onto CNGA3 was sufficient to confer PIP 3 inhibition. Exposure of patches containing these chimeric channels (A2nA3) to 10 M PIP 3 caused a 5-fold decrease in their cGMP sensitivity, and a severe reduction in the current elicited by saturating cAMP (Fig. 2) .
Calmodulin inhibition of CNGA2 channels resembles PIP 3 inhibition and also relies on residues within the N terminus (residues 68-81). We therefore hypothesized that the two modulators share a common inhibitory mechanism or binding site. In support of this idea, we found that channels formed by CNGA2 subunits lacking residues 61-90 (⌬61-90-CNGA2) were virtually unaffected by application of 10 M PIP 3 (Fig. 3A) . However, with prolonged PIP 3 exposure, these channels, like WT CNGA2 channels, often exhibited a reduction in the maximum cGMP-activated current but no change in the maximum cAMP-activated current. Although difficult to explain based on current models of CNG channel activation, this effect was not investigated further.
Several mechanistic scenarios might explain the loss of PIP 3 sensitivity in the ⌬61-90-CNGA2 channels. First, PIP 3 might interact directly with amino acids within this region. Alternatively, PIP 3 might bind to adjacent sites and inhibit channels by disrupting the autostimulatory interaction between the N and C termini, which is already absent in the deletion mutant. To test for a direct interaction between PIP 3 and the N terminus of CNGA2, we incubated a GST-tagged peptide containing the cytoplasmic N terminus of CNGA2 (GST-A2N) with PIP 3 -conjugated beads. The beads and bound protein were recovered by centrifugation and washed to reduce nonspecific binding. As shown in Fig. 3B , GST alone did not adhere to the PIP 3 beads, but the high-affinity PIP 3 -binding domain from Grp1 (GSTGrp1PH) was enriched by the PIP 3 beads. A fraction of the GST-A2N peptide also was recovered with the PIP 3 -conjugated beads. In contrast, a CNGA2 N-terminal peptide lacking resi- dues 61-90 (GST-A2N⌬) did not adhere to the PIP 3 -coated beads. This biochemical result suggests that PIP 3 directly binds to residues in the region between amino acids 61 and 90. Surprisingly, we found that the CNGA3 N terminus also adhered to PIP 3 -coated beads (Fig. 3B ), even though PIP 3 does not alter CNGA3 channel activity. When the Ca 2ϩ -CaM-binding site was removed from the CNGA3 N-terminal peptide (GST-A3N⌬), binding to PIP 3 beads no longer was observed. Interestingly, previous biochemical experiments have established that the N terminus of CNGA3 binds Ca 2ϩ ͞CaM, but this binding is functionally silent (27) .
Native-type olfactory CNG channels, formed by CNGA2, CNGA4, and CNGB1b subunits, were also strongly inhibited by PIP 3 . Heteromeric channels containing WT CNGA2 subunits exhibited a 5-fold average increase in their K 1/2 for cGMP from 2.6 Ϯ 0.6 M to 15.7 Ϯ 7.1 M after brief exposures to 10 M PIP 3 (five patches; Fig. 3C ). To test the functional relevance of the CNGA2 N-terminal PIP3-binding site in the context of the heteromeric channel, we expressed the ⌬61-90-CNGA2 subunits along with CNGA4 and CNGB1b. We found that exposure to 10 M PIP 3 had no appreciable effect on the apparent cGMP affinity of these channels (K 1/2 before PIP 3 , 14.7 Ϯ 3.1 M; K 1/2 after, 19.9 Ϯ 9.1 M, three patches; Fig. 3D ). Similar results were observed with cAMP for both WT and mutant channels ( Fig. 3  C and D ). These observations demonstrate that residues 61-90 of CNGA2 are necessary for PIP 3 regulation of heteromeric olfactory CNG channels.
Interplay Between PIP3 and Ca 2؉ ͞CaM Regulation. Because our biochemical data imply that the PIP 3 -binding site overlaps that of Ca 2ϩ ͞CaM on CNGA2, we predicted that PIP 3 might occlude the action of Ca 2ϩ ͞CaM on homomeric CNGA2 channels. As shown in Fig. 4A , CNGA2 channels exhibited a reversible decrease in their apparent affinity for cGMP after exposure to 250 nM Ca 2ϩ ͞CaM (K 1/2 before Ca 2ϩ ͞CaM, 2.3 Ϯ 1.2 M; after Ca 2ϩ ͞CaM, 19.2 Ϯ 5.3 M; after EDTA wash, 1.6 Ϯ 0.4 M; four patches). Subsequently, a brief exposure to 10 M PIP 3 inhibited channel activation to an equal, or greater, extent (K 1/2 ϭ 29.9 Ϯ 11.4 M, four patches). Thereafter, a second exposure to Ca 2ϩ ͞CaM produced no further decrease in apparent affinity (K 1/2 ϭ 29.6 Ϯ 14.7 M, four patches). This finding suggests that PIP3 and Ca 2ϩ ͞CaM exert their effects through a common mechanism or that PIP 3 inhibits Ca 2ϩ ͞CaM binding. To test the latter hypothesis, we measured Ca 2ϩ ͞CaM binding to the CNGA2 N terminus by using a calmodulin overlay assay (Fig.  4D) . We found that the presence of 100 M PIP 3 reduced the binding of FLAG-tagged Ca 2ϩ ͞CaM to a GST-tagged CNGA2 N-terminal peptide by almost 70% under our assay conditions (67.3 Ϯ 0.06%; n ϭ 6). Thus, PIP 3 appears to mimic and occlude Ca 2ϩ ͞CaM inhibition of homomeric CNGA2 channels, in part, by interfering with Ca 2ϩ ͞CaM binding to the CNGA2 N terminus.
In heteromeric olfactory channels, the CNGA2 N-terminal CaM-binding site is functionally silent; instead, Ca 2ϩ ͞CaM exerts its inhibitory effects by binding to IQ-like motifs in the CNGA4 and CNGB1b subunits. Therefore, we expected that PIP 3 and Ca 2ϩ ͞CaM inhibition would be additive. Surprisingly, we found that WT heteromeric channels were unaffected by application of Ca 2ϩ ͞CaM after exposure to 10 M PIP 3 (Fig.  4B) . Exposure of heteromeric channels containing ⌬61-90-CNGA2 to 10 M PIP 3 also occluded inhibition by Ca 2ϩ ͞CaM (Fig. 4C) , even though PIP 3 had no direct effect on the apparent affinity of the channels. Using calmodulin overlay assays (Fig.  4D) , we found that the presence of 100 M PIP 3 inhibited the binding of FLAG-tagged calmodulin to peptides containing the IQ motifs from CNGA4 (86.1 Ϯ 0.06%; n ϭ 9) and CNGB1b (87.4 Ϯ 0.08%; n ϭ 7).
Discussion
We have shown that PIP 3 dramatically shifts the cyclic nucleotide sensitivity of olfactory CNG channels by direct interaction with residues in the N terminus of CNGA2. This interaction mimics and occludes Ca 2ϩ ͞CaM regulation in homomeric CNGA2 channels. In heteromeric channels containing CNGA2, CNGA4, and CNGB1b, PIP 3 and Ca 2ϩ ͞CaM produce distinct functional changes by binding to different subunits, yet PIP 3 still blocks Ca 2ϩ ͞CaM regulation. Our findings reaffirm the regulatory significance of the CNGA2 N terminus in the heteromeric channel and indicate that each subunit in native olfactory CNG channels has a distinct and important role in channel regulation and trafficking (28) (29) (30) .
Based on our observations, a possible mechanism for PIP 3 inhibition of olfactory CNG channels can be inferred. In homomeric CNGA2 channels, removal of residues 61-90, exposure to Ca 2ϩ ͞CaM, and exposure to PIP 3 produce nearly identical shifts in cyclic nucleotide sensitivity and in the maximum cAMPactivated current. The removal of residues 61-90 and regulation by Ca 2ϩ ͞CaM both are known to disrupt an autostimulatory interaction between the N and C termini of adjacent CNGA2 subunits (15, 17) . Because PIP 3 inhibition requires residues 61-90 and prevents Ca 2ϩ ͞CaM regulation, we postulate that PIP 3 binding may anchor the N terminus of CNGA2 to the membrane surface, thereby disrupting the intersubunit autostimulatory interaction. This molecular mechanism resembles that recently proposed for prevention of K ϩ channel N-type inactivation by phosphoinositides: sequestering of the Nterminal domain at the cytoplasmic face of the membrane (31) . Although the N terminus of CNGA3 can bind both PIP 3 and Ca 2ϩ ͞CaM, these interactions appear to be functionally silent, most likely reflecting the absence of a pronounced autostimulatory interaction with the C terminus (27) . Our data also suggest a possible mechanism for PIP 3 inhibition of heteromeric olfactory channels. As we and others have observed, PIP 3 inhibition of heteromeric channels causes a 10-fold shift in cyclic nucleotide sensitivity and a 2-fold reduction in the efficacy of cAMP (11) . In contrast, Ca 2ϩ ͞CaM produces a larger shift in cyclic nucleotide sensitivity without decreasing the efficacy of cAMP (12) . Taken together, the results suggest that autostimulatory subunit interactions still occur in heteromeric channels, and that PIP 3 inhibits the heteromeric channel by interaction with CNGA2, whereas Ca 2ϩ ͞CaM inhibition requires interaction with CNGA4 or CNGB1b (21) .
Phosphatidylinositides are known to regulate the activity of an ever-increasing number of ion channels. Binding of PIP 2 to both K ir 1 and K ir 6 channels promotes channel activation by stabilizing the open state (32) (33) (34) , and PIP 3 has been proposed to activate both epithelial sodium channels and TRPC6 channels by direct binding (35, 36) . Like PIP 2 -binding regions identified in other ion channels (37) (38) (39) , the stretch of amino acids between residues 61-90 of CNGA2 contains multiple basic residues that may be important for the interaction with negatively charged phospholipids. Similar to PIP 2 inhibition of TRPV1 channels (40) , PIP 3 inhibited activation of olfactory CNG channels. PIP 2 and Ca 2ϩ ͞CaM have been shown to bind competitively and have antagonistic effects on the activity of many proteins, like RGS4 and MARCKS (41, 42) . In contrast, PIP 3 partially mimics and occludes Ca 2ϩ ͞CaM regulation of olfactory CNG channels. Our data suggest that for both homomeric and heteromeric olfactory CNG channels, PIP 3 interferes with Ca 2ϩ ͞CaM binding to several channel subunits. Additionally, in homomeric channels, binding of PIP 3 may induce a separation of the N and C termini, thereby preventing Ca 2ϩ ͞CaM from having any further effect on channel function.
Olfactory sensory adaptation is mediated by Ca 2ϩ ͞CaM-dependent channel inhibition and depends on activation of the odorant signaling pathway and the subsequent influx of Ca 2ϩ through open CNG channels (9) . In contrast, inhibition of olfactory signaling by PIP 3 does not require prior channel activity, and channel regulation by PIP 3 may serve to reduce overall olfactory sensitivity in the presence of complex odorant mixtures. One possible route for PIP 3 synthesis is suggested by the recent discovery of purinergic receptors in olfactory sensory neuron membranes (43) . These G protein-coupled receptors are activated by ATP and have been reported to stimulate PIP 3 synthesis in astrocytes and C6 glioma cells (44, 45) . In the olfactory epithelium, noxious stimuli or prolonged exposure to odorants may lead to the release of cellular ATP, causing activation of purinergic receptors and consequent production of PIP 3 . We speculate, therefore, that the stimulation of PIP 3 synthesis by purinergic receptor activation may serve a neuroprotective role by preventing possibly toxic levels of calcium inf lux through CNG channels after excessive or noxious stimulation.
Materials and Methods
DNA and Mutagenesis. WT bovine CNGA3, rat CNGA2, rat CNGA4, and rat CNGB1b, including the 5Ј and 3Ј untranslated regions, and all chimeras, were cloned into pcDNA3.0 (Invitrogen, Carlsbad, CA). A YFP-tagged CNGA2 was used (pEYFP-C1; Clontech, Mountain View, CA) and was indistinguishable from the native subunit. Construction of chimeric subunits has been described previously, with splice sites after S229 and I277 in CNGA2 and after V276 and I322 in CNGA3 (46) . The A2nA3 chimera was constructed by using overlapping PCR, with residues 1-140 of CNGA2 spliced to residues 186-706 of CNGA3. DNAs encoding the N-terminal regions of rat CNGA2 (residues 1-138) and human CNGA3 (residues 1-164) were genetically fused with DNAencoding GST (GE Healthcare Biosciences, Piscataway, NJ) as described in refs. 15 and 47. DNAs encoding the proximal Nterminal region of bovine CNGB1b (amino acids 677-764) and the C-linker region of rat CNGA4 (amino acids 271-339) were fused to GST to form CNGB1bN and GST-A4CL.
Cell Culture and Transfection. HEK293 cells were maintained in DMEM (cellgro; Mediatech, Herndon, VA) containing 10% FBS (BioWhittaker Cambrex, East Rutherford, NJ) and 1% Pen-Strep (GIBCO Invitrogen, Carlsbad, CA), at 37°C in a humidified 95% O 2 ͞5% CO 2 atmosphere. Cells were transfected with FuGENE 6 (Roche, Basel, Switzerland) or Effectene (Qiagen, Valencia, CA) according to the manufacturer's instructions. An unmodified pEGFP-N2 vector was cotransfected for identification during patch clamping.
Patch-Clamp Analysis. HEK293 cells were lifted into room temperature normal media 18-72 h after transfection and were used for recording within 6 h. Cell aliquots were added to a bath solution containing 130 mM NaCl, 5 mM KCl, 20 mM Hepes, 0.5 mM EDTA, 5 mM MgCl 2 , and 2 mM CaCl 2, pH 7.4. Pipettes were filled with a solution matching that in the bath, without MgCl 2 and CaCl 2 , and had resistances ranging from 1.5 to 4.0 M⍀. After the formation of a G⍀ seal, inside-out patches were excised and placed in front of a perfusion head controlled by a Biologic RSC-100 rapid solution changer (Molecular Kinetics, Pullman, WA). Patches were first washed in a solution containing 130 mM KCl, 5 mM NaCl, 20 mM Hepes, 0.5 mM EDTA (pH 7.4), and then exposed to varying concentrations of cAMP and cGMP (Sigma, St. Louis, MO) dissolved in the perfusion solution. Dose-response curves were generated by subtracting the current recorded at ϩ50 mV in cyclic nucleotide-free solution from the current recorded in the presence of cyclic nucleotide at the same voltage. The leak-subtracted currents were normalized to the current elicited by 1 mM cGMP. Curves are fits to the Hill equation,
, where C is the cyclic nucleotide concentration and n is the Hill coefficient. For Ca 2ϩ ͞CaM experiments, perfusion solutions typically contained 250 nM bovine brain calmodulin (Sigma), 2 mM NTA instead of EDTA, and 704 M total CaCl 2 (50 M free Ca 2ϩ ). All phosphatidylinositides were obtained from Matreya (Pleasant Gap, PA) as sodium salts and reconstituted with water to stock concentrations of 100 M. The stock solutions were sonicated at low power for 30 min on ice and stored at Ϫ20°C. Perfusion solutions containing phosphatidylinositides were sonicated for an additional 30 min before use. Recordings were made with a CV201 headstage attached to an Axopatch 200A amplifier and a Digidata 1200 interface (Molecular Devices, Sunnyvale, CA). Currents were sampled at 10 kHz and digitally filtered at 1 kHz.
Biochemistry. Expression of recombinant protein in bacteria and purification were carried out as described in refs. 15 and 47. Purified GST-fusion proteins were used for in vitro PIP 3 -binding assays in buffer containing 10 mM Hepes (pH 7.4), 150 mM NaCl, 5 mM EDTA and 0.25% Nonidet P-40. PIP 3 -agarose beads and the GST-Grp1PH positive-control protein were from Echelon Biosciences (Salt Lake City, UT). Fifty microliters of a 50% slurry of PIP 3 beads and purified protein (2 g͞ml) were incubated in 0.5 ml of binding buffer for 2 h at 4°C with rocking. Beads were gently pelleted and washed five times with excess binding buffer; PIP 3 -interacting proteins were eluted with 1ϫ NuPAGE sample buffer (Invitrogen). Protein samples then were separated under reducing conditions in 4-12% Bis-Tris gels and blotted onto nitrocellulose by using the NuPAGE transfer buffer system (Invitrogen). Blotted proteins were detected by using B-14 anti-GST monoclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA) at a dilution of 1:2,000 in 1% milk͞500 mM NaCl͞20 mM Tris⅐HCl (pH 7.5)͞0.05% Tween 20, HRPconjugated anti-mouse IgG secondary antibody, and the SuperSignal West Dura Extended Duration chemiluminescence substrate (Pierce Biotechnology, Rockford, IL).
CaM-overlay assays were carried out essentially as described in ref. 47 . After blotting, GST-fusion proteins were probed for 1 h at room temperature with recombinant FLAG-tagged CaM (at Ϸ50 nM) in 10 mM Hepes (pH 7.4)͞150 mM NaCl͞0.5% Nonidet P-40͞0.5% BSA͞2 mM NTA͞170 M CaCl 2 (10 M free Ca 2ϩ ), either with or without prior and concomitant incubation with 100 M PIP 3 . Bound CaM was visualized by using M2 anti-FLAG antibody (Sigma), and the CaM signal was quantified by using Kodak (New Haven, CT) 1D Image Analysis software. Blots subsequently were stripped and reprobed with an antibody against GST to ensure that equivalent amounts of fusion protein were blotted in all lanes. Control Western blots for CaM demonstrated that incubation with PIP 3 did not interfere with antibody binding or blot processing (data not shown). Inhibition of CaM binding is expressed as percentage reduction compared with control Ϯ SEM.
